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FLOW METER FOR MEASURING 
THE VISCOSITY CHARACTERISTICS OF A LIQUID 

The invention concerns a flow meter for measuring the viscosity characteristics of a 

liquid* 

Nowadays, a knowledge of the flow characteristics of liquids is essential in many 
fields, particularly in industry, biomechanics, and medicine, where liquids are subject to 
variations in concentration, temperature, and pressure, resulting in changes to their flow 
behavior; it is generally necessary to be able to track the change in their properties in order 
to predict the behavior and possibly to ensure appropriate control. 

There are viscometers for which the operating principle is based on measurement of 
the flow time of a determined volume of the fluid to be studied in a Ubbelohde-type tube, 
which is well known to experts. The viscosity of a Newtonian liquid can be determined 
precisely from the flow temperature when the parameters of the capiUary tube are known. 
In the case of non-Newtonian liquids, one must make measurements in tubes of various 
sizes or under various hydrodynamic conditions to determine the flow (or viscosity) 
characteristics of a liquid. / 

A viscometer in which the flow temperature in the Ubbelohde tube is measured by 
photoelectric sensors is described in the British journal J. Phy. E: ScL Instrum., VoL 13, 
1980; however, the measurements made using this type of apparatus are purely manual 
and in practice prove to be time consuming and delicate and are sources of error. They are, 
in fact, earmarked for specialized laboratories. 

In particular, it is not possible with devices of this type to track at close regular 
intervals the change in the viscosity of a liquid, for example, in medicine, the viscosity of 
blood passing through an extra corporal circulation apparatus; this impossibility 
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is the result of the time it takes to make the measurements and the difficulty involved in 
making them and also, in medicine, because of the impossibility of satisfying the requisite 
sterile conditi ns. 

This invention is proposed to offset the inadequacies of known apparatuses and to 
provide a novel flow meter capable of offering automatic operation and also capable of 
being used in situ by non-specialized staff. 

Another objective of the invention is to enable the execution of measurements 
without contaminating the liquid studied. 

Another objective is to provide a flow meter that is capable of automatically 
accomplishing cycles of repeated measurements to make it possible to precisely track the 
change in the flow characteristics of a liquid. 

The flow meter, which is the subject of the invention includes a minimum of one 
primary tube, called the measuring tube, having a calibrated gravity-flow section; a second 
tube, called the filling tube, connected to the measuring tube; a primary and a secondary 
detector of the meniscus positions (Rj, arranged at two levels with respect to the 

measuring tube and adapted to provide electrical signals to passings of the meniscus; and 
devices to measure the time interval between the signals issued by the two detectors. 
According to this invention, the flow meter is characterized by the fact that it includes, 
combined in the manner described above: 

! connected to the filling tube, a line for admission of the liquid studied linked 
to an electrically actuated shut-off device (A), 

! connected to the filling tube, a line for the introduction of a flushing liquid 
linked to an electricaUy actuated shut-off device (B), 

! connected to the base of the two tubes^ a minimum of one line for the exit of 
the liquid linked to an electricaUy actuated shut-off device (E, F), 

! connected to the base of the measuring tube, a reference-pressure bypass 
linked to an electricaUy actuated shut-off device (D), 
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! c nnected in the upper part of the measuring tube, a reference-pressure 
line linked to an electrical shutH>ff device (G|) 

! a source of pressure or reduced-pressure connected to the measuring tube 
and/or the filling tube through at least one electrically actuated shut-off device (C, Gi) in a 
manner that both assures a gas flow in the tubes, and» causes, by pressure or reduced 
pressure, the liquid in the filling tube to rise in the measuring tube. 

! a third meniscus-position detector (R3) situated on the measuring tube 

below the calibrated section (3a), 

! a fourth meniscus-position detector (R^) situated on the measuring tube 

above the upper detector (Rj), 

! and an electrically actuated assembly designed to receive the signals issued 
by the meniscus-position detectors and adapted to issue actuating signals to the shut-off 
devices to assure the progression of the following successive stages: fllling stage for liquid t 
be studied, measurement stage, flushing stage, and drying stage* 

As one will understand better below, the flow meter described in this invention is 
capable of automatically assuring, for each measuring cycle, the progression of successive 
stages from fllling of the liquid to be studied to restoring the apparatus to readiness to 
execute a new cycle with no external intervention while guaranteeing the sterility of the 
liquid to be studied, which is brought into contact only with tubes maintained in a state of 
proper cleanliness. 

The electrical-actuation assembly of the flow meter is specially designed to ensure 
the progression of the previously cited stages by accomplishing the following sequences: 
admission of the liquid to be studied into the filling tube, rising of this liquid in the 
measuring tube, gravity-flow measurement in the calibrated section. 
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exiting of the liquid to be studied >vith its possible re-injection in the circuit from >vhich it 
arises, admission of the flushing liquid, rising of this liquid, exit and evacuation of this 
liquid, and finally, drying by passage of a gas, eliminating traces of the liquid* Sterilization 
to a degree dependent on the planned application can be assured by the flushing liquid 
and/or by the drying gas. 

In accordance with the preferred realization, which makes possible the progress! n 
of these sequences by simple and low-cost means, the electrical-actuation assembly includes 
electronic circuits (Mj to Mg) arranged in series one behind the other to receive the 
detection signals coming from the meniscus-position detectors, with said electronic circuits 
being connected to shut-off assemblies and to time-measuring devices able to deliver 
actuating signals capable of creating the succession of the previously cited stages by 
successive cutovers. 

Furthermore, the measuring tube can be Ubbelohde-type having the bulbs with 
which this type of tube is typically equipped. 

Moreover, the shut-off devices can be comprised of any appropriate electrically 
actuated device (device actuated directly or indirectly by an electrical signal, this actuating 
signal being able to actuate the device through natural non-electrical means); preferably, 
these devices are comprised of solenoid valves and/or electro-magnetically actuated 
clamping devices linked to flexible lines. 

It should be noted that in the general description of the flow meter provided ab ve 
the shut-ofT devices are mentioned independently; it is understood that this description 
extends to two-way and multiple-way devices (in particular, two-way and multiple-way 
solenoid valves). Devices that have complementary states in the course of the sequences 
(open or closed) ca be grouped in pairs by planning two-way valves for each group of tw 
devices. 

Moreover, the meniscus-position detectors can each be comprised, in a well-known 

way, 
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of a photoelectric emitter/receptor assembly, coupled opposite one another on the 
measuring tube* 

In a more elaborated version of a flow meter conforming to the invention several 
measuring tubes of increasing diameter can be planned; these tubes, linked in parallel to a 
single filling tube and equipped with a multiple-way solenoid valve make it possible to 
realize successive cycles with different flows in different tubes* 

Thus, these different flows impose different tangential stresses on the liquid and 
permit a generalization of the flow study to extend to all liquids* If the viscosity in each 
tube is identical, one is dealing with a Newtonian liquid; if this is not the case, the change in 
the viscosity reveals a non-Newtonian fluid that one can then model easily; a 
microprocessor can be designed to convey the behavior of such liquids* 

The invention having been disclosed in its general form, other characteristics, 
objectives, and advantages will be described in the following description relative to the 
appended figures, which show, as a non-liiiiitative example, a method of realization; in 
these figures, which are an integral part of the description: 

- Figure 1 is a schematic view in perspective showing the exterior of a flow 
meter that conforms to the invention, 

- Figure 2 is a detailed axial cross-section view of a shut-off device of said 

flow meter, 

- Figure 3 is a symbolic diagram illustrating the principle of said flow meter, 

- Figure 4 is a synoptic view of the electronic assembly with which the flow 

meter is equipped, 

- Figure 5 is a table illustrating an operating cycle of the flow meter, 

- Figures 6a, 6b, and 6c are schematic views showing the liquid levels during 
the filling and measuring sequences* 

The flow meter represented as an example 
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in perspective in Fig. 1 and in a functional diagram in Fig. 3 includes a frame 1 adapted t 
support its various devices; to this fram is attached a support 2 that extends vertically and 
has an Ubbelohde tube of the knoivn type. 

This Ubbelohde tube includes a measuring tube 3 having a calibrated capillary 
section 3a and a filling tube 4 connected to the base of measuring tube 3. In a well-known 
manner^ the measuring tube includes three bulbs 3b, 3c, and 3d staggered along its height 
(two situated on either side of calibrated section 3a and the other situated above), while the 
filling tube is equipped with a bulb 4a serving as reservoir. 

The Ubbelohde tube is secured to support 2 having appropriate fittings by a sealing 
cap 15 (which is initialized in Fig. 1). This cap fits on the support and isolates the tube; it 
includes an aperture 15a allowing one to see the measuring tube at least along its calibrated 
section 3a. The assembly is preferably thermostatted. 

Fining tube 4 is connected at its upper portion to three lines: a line for the admission 
of the liquid to be studied 5, 

a line for arrival of the flushing liquid 6, and a pressure line 7 connected to a 
compressed-air pump 8, which is housed in the frame 1. 

Furthermore, to the base of the portion connecting the measuring tube 3 and the 
filling tube 4 are connected two exit lines: a line for re-injection of the liquid to be studied 9 
and a line for evacuation of the flushing liquid 10. 

Moreover, at the level of its bulb 3b the measuring tube 3 has a reference-pressure 
bypass 11; in the example, this bypass is open to the air, and the reference pressure is 
atmospheric pressure. 

In the upper part, this measuring tube 3 is, moreover, connected to two lines: a 
reference-pressure line 12 (at atmospheric pressure) and a pressure line 13 connected t a 
compressed-air pump 14 housed 



/ 

/ 
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in frame 1; this pump 14 preferably has a higher power than pump 8. Of course, when 
necessary they can be used in common* 

Each of the lines or the bypass described above 5, 6, 7, 9, 10, 11, 12, 13 is equipped 
with an electrically actuated shut-off device that allows ne to close or open the seaL 

Two types of devices are advantageously planned, either devices of the solenoid- 
valve type, which are housed in the frame, or clamping devices in which the mode of 
realization wiD be described below. 

The solenoid valves are planned on lines 7, 11, 12, and 13, which are traversed by 
gases (air) so as to guarantee a perfect leak-tightness for this type of fluid. 

In the example, line 7 is equipped with a single-way solenoid valve C, which is 
normally closed in the rest position; it opens when it receives an electrical-actuation signaL 
Pump 8 is actuated synchronously to start when this solenoid valve opens and to be 
interrupted when the valve closes. 

Bypass 11 is equipped with a single-way solenoid valve D, which is normally open. 

Lines 12 and 13 in the example are equipped with a two-way solenoid valve (G,, 
Gj), which is common to both; in one state (G^) it opens line 12 and closes line 13, and in 
the complementary state (Gj) it accomplishes converse opening and closing. Of course, tw 
single-way solenoid valves could replace this two-way solenoid valve. Pump 14 is actuated 
in synchronism with this solenoid valve (Gj, G2) in order to start when the valve is open t 
line 13 (the Gi state) and interrupted in the opposite case (the G2 state). 

Lines 5, 6, 9, and 10, through which liquids flow, are equipped with clamping 
devices A, B, E, and F, respectively, which accomplish closing by pinching the flexible part 
of these lines. These devices are fixed in a transverse section on a side of frame 1 and 
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fTer the advantage of avoiding all contamination of the liquid since it does not come int 
contact with any external element; moreover, after a series of measurements, particularly 
in the medical field, it is easy t rem ve the flexible parts of the lines in order to replace 
them with sterilized parts- 
Figure 2 shows in axial cross section a mode of realization of a clamping device, 
which in the example is in the normally closed position (rest position when an actuating 
signal is absent). 

This device includes housing 16 in which is housed an electromagnet in which is 
shown in 17a the coil and in 17b the ferromagnetic core. In front of core 17b there is a 
flattening punch 18, which flattens the flexible line traversing an appropriate passage 16a 
of the housing* A screw 19 forming a counter support makes it possible to regulate the 
dimensions of the passage. At the other end of housing 16, screw 20 serves as a stop that is 
adjustable by spring 21, which prompts core 17b towards the flattening position. At rest, 
when the electromagnet is not energized, core 17b flattens, by the intervention of punch 18, 
the line (by the action of spring 21) and shuts it down; when the electromagnet is energized 
the core reverses, and pinching of the line is suppressed. It should be noted that core 17b is 
equipped with a control pin, notably a screw (not visible), projecting through a slot in the 
housing in order to allow manual control of the core to release passage 16a (introduction of 
a line or manual opening). 

Moreover, the flow meter that is the subject of the invention includes four meniscus- 
position detectors Rj, R3, and R^^ each comprised of a photoelectric emitter placed 
against the measuring tube and by a receptor placed opposite and diametricaUy opposed on 
the tube (which is obviously made of transparent glass). 

Detectors R^ and R^ are designed to measure the flow time in the calibrated section. 

They are situated, respectively, above and below bulb 3c; when the meniscus passes in 
front of receptor R|, the latter generates a time-counting start signal, and when it passes in 

front of receptor R2 the latter generates an end-counting signal. The amount of liquid that 

flows between these times in calibrated section 3a is always the same, regardless of the 
measurement (equal to the capacity of bulb 3c and portions of the tube extending above 
and below it up to receptors Rj and R^). 
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Detector R3 is located situated beneath bulb 3b and is used, as will be shown^ t 
interrupt the sequence of liquid admission when the level of the liquid in measuring tube 3 
(and therefore also in filling tube 4) reaches the height of this detector R3. 

Detector R4 is situated above upper bulb 3d and is used to interrupt the sequence of 

liquid rising in measuring tube 3* 

The flow meter is completed by electronic devices 22 housed in frame 1 and by 
display device 23, which is visible on the front of this frame. 

These electronic devices 22 are arranged to receive the signals issued by detectors 
Rj, R2, R3, and R^; they include devices to measure the time and an assembly of electrically 
actuated shut-off devices A, B, C, D, E, F, Gp and (and linked pumps 8 and 14); they 
are equipped with manually controlled devices that will be described below and are 
grouped in a control panel 24. 

A mode of realization of these electronic devices, which is particularly advantageous 
for its simplicity, is presented in Figure 4, which shows symbolic depictions of the shut-off 
devices specified above. 

The signals issued from detectors Rp R^y R3, and R4 are delivered to comparators 

25, 26, 27, and 28, which compare them with a reference to generate a signal of two states, 
representing the presence or absence of liquid in the tube. The change in the state of this 
signal corresponds to passing of the meniscus in front of the detector concerned. 

The electronic devices that provide conditions for the progression of the sequences 
are comprised of a series of electronic circuits Mj to Mg, which in the example are aU 

monostable univibrator type monostable time-delay circuits. 

Circuit M| has a triggering input Cj that assures the start of a cycle. This input is 
connected to the start device comprised of a manual three-position diverter switch 29 
designed to connect this input: 
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! either to a manual trigger switch 30 for manual control of the cycles in 

succession, 

! t a timer 31 with a timing durati n that is much longer than the duration 
of a cycle for different actuation of the cycles, 

! or to the output (s^) of the last circuit Mg for automatic actuation of the 

cycles one immediately after another. 

It is then possible, by regulating the position of diverter switch 29, to obtain isolated 
viscosity measurements on demand or even periodic measurements reproducing themselves 
automatically at the end of pre-set periods provided automatically during the succeeding 

cycles- 
Circuit Mj has, in addition, an interruption input e'j designed to receive the 

detection signal coming from detector R3 (after transformation in diverter switch 27). The 

output Sj of this circuit is connected to shut-off device A; this normally closed device is 

open when the circuit passes into its energized state (triggering by e^) and closes when the 

circuit returns to rest (interruption by e',). 

The second circuit Mj has a triggering input e^ connected to output Sj of Mp an 
interruption input designed to receive the detection signal originating from the fourth 
detector R^, and an output $2 connected to shut-off devices C (normaUy closed) and D 
(normally open), which it controls, and these remain in complementary states. It should be 
noted that an OU port 32 is interposed to also make possible control of these devices by 
circuit under the same conditions. 

The third circuit M3 has a triggering input connected to output of M^, an 
interruption input e*3 designed to receive the detection signal originating from the second 
detector and an output S3 connected to the measuring devices, in the example to a logical 
validation input 34 linked to a clock 35. 
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The fourth circuit has a triggering input e4 connected to output S3 of M3 and an 
output S4 connected to shut-off device E of the line of output 9. 

The fifth circuit M5 has a triggering input e^ connected to output s^ of M4, an 
interruption input e*5 designed to receive the detection signal arising from the third 
detector R3 and an output s^ connected to shut-off device B. 

The sixth circuit has a triggering input e^ connected to output S5 of M5, an 
interruption input e'^ designed to receive the detection signal originating from the fourth 
detector R4, and an output s^ connected through port 32 to devices C and D, 

The seventh circuit has a triggering input e^ connected to output s^ of and an 
output S7 connected through OU [sicj port 33 to shiit-off device F linked to line 10* 

Finally^ the eighth circuit Mg has a triggering input eg connected to the output s^ of 
My and an output Sg connected to shut-off device (Gj G^) and, through port 33, to device F. 
Moreover, as already indicated, this output is re-looped by diverter switch 29. 

The fourth, seventh, and eighth circuits M^, M^, and Mg are all operationally 
monostable time-delay circuits regulated in such a way that their timing durations are 
adapted for allowing the complete accomplishment of sequences that they actuate. Circuit 
M4, which actuates the sequence that re-injects the liquid to be studied, has a timing 
duration, which can be 15 s. to make it possible for all of the liquid to escape through line 9. 
The same is true for circuit M^, which actuates the sequence evacuating the flushing liquid. 
The timing duration of circuit Mg depends on the planned application and the cleanliness 

requirements; it is generally 15 s. 

The first, second, third, fifth. 
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and sixth circuits M,, M^, M3 M5, and arc also monostable time-delay circuits for 
increasing the operational security* Their timing durations are regulated at values higher 
than the normal durations of sequences that they control, respectively, the sequence f 
admission of the liquid to be studied (normal durations of 10 s.), the sequence of rising of 
the liquid (normal durations of 10 s.), the measuring sequence (average duration of 100 to 
300 sO, the flushing liquid admission sequence (normal duration of 15 s.), and the rising 
sequence of said liquid (normal duration of 20 s.)- 

These sequences are normally interrupted by detector R3, detector R4, by detector 
R2 and, again by detector R3 and by detector R^^ respectively. When this interruption does 
not take place in a sequence, for example, because of failure of a detector, the timing of the 
circuit concerned assures this interruption, thereby avoiding overflows during the 
admission and rising sequences. 

The succession of sequences and the corresponding actuations of the shut-off devices 
are iDustrated in the table of Fig- 5 (the states of the devices are represented by O (open) 
and F (closed); for the two-way solenoid valve, G, symbolizes opening toward the open air 
line 12 and the closing of the line 13, and represents the complementary state). 

The sequences are the following: 

! admission of the liquid to be studied: opening of device A; closing of device 
A by an actuating signal generated by the detection signal issued by the third meniscus- 
position detector R3, 

! rising of the liquid to be studied; closing of device D: opening of device C 
connected to pressure source 8; closing of this device C by a control command signal 
generated by the detection signal issued by the fourth meniscus-position detector R4, 
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! measuring sequence: opening of device D: transmission to the measuring 
device of a start*counting signal and an internipt-counting signal generated by detection 
signals issued by the first two meniscus-position detectors Rj, 

! exit of the liquid to be studied: opening of shut-off device E linked to exit 

lme9, 

! admission of the rinsing liquid: closing of device E, opening of device B; 
closing of device B by a control signal generated by the detection signal issue by the third 
meniscus-position detector R3, 

! rising of the flushing liquid: closing of device D; opening of device C 
connected to pressure source 8; closing of this device C by a control signal generated by the 
detection signal delivered by the fourth meniscus-position detector R^, 

! exit of the flushing liquid: opening of the shut-off device F linked to exit line 
10, opening of device D, 

! drying: opening of a device connected to pressure source 14; closing of 

this device at the end of the sequence. 

In the description above, only the changes in state of the shut-off devices were 
specified; the non-actuated shut-off devices remain in the state where they are found in the 
preceding sequence (with re-looping of the drying on the admission of the liquid to be 
studied). 

Figures 6a and 6b are diagrams illustrating the sequences of admission of the liquid 
to be studied and the rise of this liquid. 

Figure 6c iUustrates the measuring sequence. 

One can imagine the interest in the invention, which permits automatic 
measurements without manual intervention with display by device 23 of either the flow 
time in the calibrated section or directly of the viscosity of the 
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liquid. Let us note that direct-coutr 1 buttons 36 can be placed on the control panel 24 to 
actuate the shut-ofT devices in the event the automatic operation fails. The durati n of a 
cycle is approximately 2.5-6 minutes, >vhich aUo>vs, in automatic operation, effective 
monitoring of the viscosity of a liquid. 

The applications of the flow meter that is the subject of the invention are numerous: 
medical applications, particularly in extra corporal circulation systems; use as a 
servomechanism sensor in biological (wine, dairy industry) or industrial (paper industry, 
petroleum industry, etc.) processes. 

Of course, the invention is not limited to the terms of the description but includes all 
variants of it. In particular, the electronic-actuation methods described are the preferential 
mode of realization but can have different structures (microprocessor, etc.). 
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CLAIMS 

1) Flo>v meter for measuring viscosity characteristics of a liquid f a type including 
a minimum of a primary tube, called the measuring tube (3) having a calibrated gravity- 
flow section (3a), a second tube, called the filling tube (4), connected to the measuring tube 
(3), a first and second meniscus-position detector (Rj, arranged at two levels opposite 
the measuring tube (3) and adapted for supplying electrical signals to the passings of the 
meniscus, and a device to measure the time between the signals issued by the two detectors, 
and this flow meter is characterized by the fact that it includes: 

! connected to the filling tube (4), a line (5) for admission of the liquid to be 
studied linked to an electrically actuated shut-ofT device (A), 

! connected to the filling tube (4), a line (6) of arrival of a flushing liquid 
linked to an electrically actuated shut-off device (B), 

! connected to the base of two tubes (3, 4), at least one liquid-erit line (9, 10) 
linked to an electrically actuated shut-off device (E, F), 

! connected to the base of the measuring tube (3), a reference-pressure 
bypass (1 1) linked to an electrically actuated shut-off device (D), 

! connected to the upper part of the measuring tube (3), a reference-pressure 
line (12) linked to an electrically-actuated shut-off device (Gj), 

! a source of pressure or reduced pressure (8, 14) connected to the measuring 
tube (3) and/or filling tube (4) through at least one electrically-actuated shut-off device (C, 
Gj) in a manner that both assures gas flow in the tubes and, causes by pressure or reduced 
pressure, the liquid contained in the filling tube (4) to rise in the measuring tube, 

! a third meniscus-position detector (R3) situated on the measuring tube (3) 

beneath the calibrated section (3a), 
! a fourth 
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meniscus-position detector (R4) above the upper detector (R,), 

! and an electrically actuated assembly (22) designed t receive the signals 
issued by the meniscus-position detectors and adapted to deliver actuating signals to the 
shut-off devices to assure the successive progression of the following stages: filling with the 
liquid to be studied, measuring, flushing, and drying. 

2) Flow meter as claimed in Qaim 1, characterized by the fact that the electrically 
actuated assembly (22) is adapted to ensure the progression of the previously cited stages 
by accomplishing the foUowing successive sequences: 

! admission of the liquid to be studied: opening of device (A); closing of 
device (A) by an actuating signal from a detection signal issued by the third meniscus- 
position detector (R3), 

! rising of the investigated liquid; closing of device (D), opening of the device 
or one of the devices connected to the pressure or reduced-pressure source; closing of this 
device (Q by an actuating signal generated by a detection signal issued by the fourth 
meniscus-position detector (R4), 

! measurement: opening of device (D); transmission to the measuring device 
of a start-counting signal and a stop-counting signal generated by detection signals issued 
by the first two meniscus-position detectors (R^y R^), 

! exiting of the liquid to be studied: opening of the shut-off device (E) linked 
to an exit line (9), 

! admission of the flushing liquid: closing of device (E), opening of device (B); 
closing of device (B) by an actuating signal generated by a detection signal issued by the 
third meniscus-position detector (R3), 

! rising of the flushing liquid: 
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closing of device (D); opening of device (Q connected to the pressure r reduced-pressure 
source; closing of this device (Q by an actuating signal generated by a detecti n signal 
issued by the fourth meniscus-positi n detector (R^), 

! exiting of the flushing liquid: opening of the shut-off device (F) linked to the 
output line (10), opening of the device (D), 

! drying: opening of a device {G^ connected to the pressure or reduced- 
pressure source; closing of this device at the end of the sequence. 

3) Flow meter as claimed in Claim 1 or 2 characterized by the fact that the 
electrically actuated assembly includes a series of electronic circuits (M| to Mg) placed in a 
series one after another and designed to receive the detection signals originating from 
meniscus-position detectors, with said circuits being connected to shut-off devices and to 
time-measuring devices in order to deliver actuating signals capable of creating by 
successive cutovers the succession of the previously cited stages. 

4) Flow meter as claimed in the combination of Oaims 2 and 3 characterized by the 
fact that it includes: 

! a primary circuit (Mj) having a triggering input (e^) connected to starting 

cycle devices (29, 30, 31), an interrupt input (e'])designed to receive the detection signal 
originating from the third detector (R3) and an output (Sj) connected to the shut-off device 

(A) to actuate this device, 

! a second circuit (M^) having one triggering input (e^) connected to output 
(Sj) of the first circuit (Mj), an interrupt input (e*^) designed to receive the detection signal 
originating from the fourth detector (R4) and an output (Sj) connected to shut-off devices 
(C,D) to actuate these devices in such a manner that they retain complementary states. 

! a third circuit (M3) having a triggering input (e^ connected to output (s^) of 
the second circuit (M^), an interrupt input (e'3) 
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designed to receive the detection signal originating from the second detector (Rj) and an 
output (S3) connected to a measuring device to validate or inhibit this measuring device, 

! a fourth circuit (M^) of the monostable time-delay type having a triggering 
input (e4) connected to the output (S3) of the third circuit (M3) and an output (S4) connected 
to the shut-off device (E) linked to output line (9) in order to actuate this device, 

! a fifth circuit (M5) having a triggering input (e^) connected to the output 

(54) of the fourth circuit (M4), an interrupt input (e'5) designed to receive the detection 

signal originating from the third detector (R3), and an output (Sj) connected to shut-^ff 

device (B) for actuating this device, 

! a sixth circuit (M^ having a triggering input (e^ connected to the output 

(55) of the fifth circuit (M5), an interrupt input (e'^ designed to receive the detection signal 
originating from the fourth detector (R^) and an output (s^ connected to shut-off devices 
(C, D) for actuating these devices so that they retafaa their complementary states, 

! a seventh circuit (M^) of the monostable time-delay type having a triggering 
input (e^) connected to the output (s^ of the sixth circuit (M^ and an output (s^) connected 
to the shut-off device (F) linked to output line (10) for actuating this device, 

! an eighth circuit (Mg) of the monostable time-delay type having a triggering 
input (eg) connected to the output (s^) of the seventh circuit (M^) and an output (Sg) 
connected to the shut-off device (G^) and the shut-off device (F) for actuating these devices. 
5) Flow meter as claimed in Claim 4 characterized by the fact that: 

! the fourth (M^), seventh (M^), and eighth (Mg) monostable circuits are 
regulated in such a manner that 
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their time-delay duration are adapted to make possible the complete realization of the 
sequences that they actuate^ respectively, exit of the liquid to be studied, exit of the flushing 
liquid, and drying, 

! the first (M,), second (Mj), third (M3), fifth (M^), and siith (M^ circuits are 
also monostable time-delay type circuits in which the time-delay durations are regulated at 
values higher than the normal durations of the sequences that they actuate, respectively, 
admission of the liquid to be studied, rising of this liquid, measurement, admission of the 
flushing liquid, and rising of this liquid* 

6) Flow meter as claimed in Claims 4 or 5 characterized by the fact that the device 
to start a cycle, connected to the triggering input (Cj) of the first circuit (Mj), includes a 
three-position manual diverter switch (20) designed to connect this triggering input (e,), 
either to a manual triggering contactor (30) to achieve stepwise manual actuation of cycles, 
or to a timer (31) with a time-delay duration that is much longer than the duration of a 
cycle to achieve different actuation of the cycles, or to the output (s^) of the eight circuit 
(Mg) to achieve automatic actuation of cycles, one immediately after the other. 

7) Flow meter as claimed in Claims 3,4, 5, or 6 characterized by the fact that it 
includes two liquid-exit lines, one called the re-injection line (9), designed to be connected 
to a recovery device and equipped with a shut-off device (E) actuated in a manner 
appropriate to recover the liquid studied in the course of the exit sequence of this liquid, 
the other called the evacuation line (10) designed to be connected to an evacuation device 
and equipped with a shut-off device (F) actuated in a manner appropriate eliminate the 
flushing liquid during the sequence when this liquid exits* 

8) Flow meter as claimed in Claims 3, 4, 5, 6, or 7 characterized by the fact that the 
pressure or reduced-pressure source includes: 

! a primary compressed-air pump (8) 
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connected to the filling tube (4) through a shut-off device (C) and actuated synchr nously 
to start when this device is open and interrupted when it is closed during the rising f the 
liquid t be studied and rising of the flushing liquid sequences, 

! a second compressed-air pump (14) connected in the upper part of the 
measuring tube (3) through a shut-off device (G^) and actuated synchronously to start 
when this device is open and interrupt when it is closed during the flushing sequence. 

9) Flow meter as claimed in the preceding claims in which the measuring tube is a 
Ubbelohde type tube. 

10) Flow meter as claimed in the preceding claims in which shut-off (11) and the 
reference-pressure bypass (12) are open to the air through their shut-off device (D, G,). 

11) Flow meter as claimed in the preceding claims in which the shut-off devices arc 
comprised of solenoid valves and/or clamping devices actuated by an electromagnet and 
linked to flexible lines* 

12) Flow meter as claimed in Claim 11 characterized by the fact that the lines 
traversed by the liquids (5, 6, 9, 10) are linked to the clamping devices (A, B, E, F), while 
the lines traversed by the gasses (7, 11, 12, 13) are linked to solenoid valves (C, D, Gj G^). 

13) Flow meter as claimed by the preceding claims in which the meniscus-position 
detectors (Rj to R4) are each comprised of a photoelectric emitter/receptor assembly 

coupled opposite one another on the measuring tube (3). 

14) Flow meter as claimed in the preceding claims characterized by the fact that it 
includes several measuring tubes of increasing diameter linked parallel to a single filling 
tube and equipped with a 



measuring tubes. 



22 



2 510 257 



Fig. 4 
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1 - ; . 

RHEOMETRE POUR LA IffiSURE DBS CARACTB- 
RISTIQOES DE VISCOSITE D'UN LIQOIDB * 

, ^'^°^«»"on concerne un rh^ojnetre pour 

. l=»««»redes caract&ristlquesdeviscosite.d'un;^^^ 

, ^ , °" '^"^ la connaissance des caracti- 

rlalques rheologiques des llquldes est actual lement ssenti 1- 
le dans de nombreux do»aines, nbtkia«ent dans les doaaines 
industrlel , blo»^caBl.p,e et medical., oii les llqoides »«bis- 
traLf" ^ concentration, de te„p^ature. de con^ 

al^" changeaent de leur comporte»e»t rhiolo- 

giqiie ; il est general esient necess^^r*^ 

volution de leu» propri^t^s de fa^on a en pr^voix le comp rte- 
ment et eventuellenient assurer une regulation appropril . 

°" ^^^'^ai*^ des viccosimfetxes dont i 
Principe de fonctionne^ent est base sur la »esure du te»p, 
d ecoulement d-un volume d^fini du liq^iae ^ ^tudier dan3 u» 
tube du type Ubbelohde qui est bien connu de l^homme de l^art. 
Pour un liquide newtonien. la viscosite peut 6tre determines 
ayec precision a.partir du temps d' ecoulement lor sque les para- 
metres du tube capillaire sent connus. Pour le, liquides non 

tiques rheologiques du liquiae (ou caraci:eristiques de -visco- 

la Pulilication -reference r a.. Phys. 
B . Sci. lustrum., vol 13. 1980 imprim^e en Grande-Bretagne- 
est ainsi d^crit un vi^cosimfetre. dans lequei ie temps ^'6oou- 
lement du liquide dans le tube d-Ubbelohde est mesure au moyen 
de capteurs photo^lectriques ; toutefois. les mesures e£f c- 
tuees au moyen de ce type d'appareils sont purement manu lies, 
s avferent en pratique longues et d4licates et sont sourc s 
d'erreurs ; elles sont en fait reservees ^ des laboratoir s 
specialises. 

E n particuller, il n' st pas possible 
avec c type d • appareiUag s de suivr ^ iht rvall s r'guliers 
rapproches. I'^volution de la viscosity d'un liquide. par 
ex mple, dans le domaine medical, la viscosite du sang traver- 
sant un appar il d circulation extracorporeil ; cett i,„pos- 
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sibilite provient essent^iellei&ent de la longueur des aesur s 
et des dlfflcultes d'ebcecutlon de celles-^i/ mais ^alenent. 
dans le domalne eyoque, " de 1 »ijnpossibilite de satisfaire aux 
conditions de stdrilite reguises.. 

La presence invention se propose de pal— 
lier les insuf fisances des appareillages coxmus et de foiurnir 
un nquveau rhSom^tre apte & presenter un £onctiLonne»ent aut - 
matique et a pouvolr fetre utilise in situ*^par un* personnel non 
specialise* 

On autre objectif de 1* invention est d 
pennettre* une execution, des inesures sans souillure' du. liquide 
-a Studier. 

autre objectif est de fournir un • 
rheoinetre capable d*effectuer.- automatiqu'cmient des cycles de* 
raesures repetes de fa^on a pouvoir- suivre de fagon prteis 1*6- 
volution des caracteristiques rheologiques -d'un liquide. 

I*e * rheometre vise par -1 • invention' es^ 
du type coraprenant au iDoin^' un prenrier tube, dit tube de me— 
sure, comportant un tron^on calibre dlecoulement'par gravity, 
un second tiibe, dit tube de resiplissage , communiquant avec le- 
tube de mesure, un prenier et un deuxi^rae dS^ecteur de' posi- 
tions de menisque. (Rj^,*R2) agences a deux niveaux.en regard du 
tube de inesure et adaptes pour foumir .des sigxiaux ^lectriques 
aux passages du xaenisque, ' et des moyens de mesure du tea^s .sS— 
par ant les signaux d^liyres par les deux d4tecteurs : selon la 
pr^sente invention, le rh^ometre- est caracteris^* en ee c[u'il 
conprend, combines aux ntoyens .ci*dessus. d^crits : 

relie au tube de renrplissage, un con- 
duit d* admission du liqqide a etudier, associe a un organe 
d' obturation h commande dlectrique (A), 

• relie au: tube de remplissage, un con— 
duit d'arrivee d'un liquide de rin^age, associe a un -organe 
d' obturation a command electriqu (B), 

• r lie. a la base des deux tubes, au 
moins un conduii^ de "Sortie de 'liquide associe a un organe 
d'obturation a commande 'lectrique (E, F) , 

. relive a la base du tube de mesure^ 
une derivation de mise a une pression d refer nee, •associ'^e 
a un organe d 'obturation a commande electriqu (D), 
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• reli6 en partie haute du tube de n sur 
un conduit de »ise & la pression de reference, associe & un 
organe d* obturation ^lectrique (G^), 

5 • une sourpe de pression ou depression 

relive au tube de mesure et/ou tube de reiapllssage par !• n- 
tremlse d»au nolns un organe d> obturation a commande ^lectrlque 
(C, de £a«on & permettre, d*une part, d*assurer un dcoul - 

ment gazeux dans les tubes, d 'autre part, d'asener par pres-» 
10 slon ou depression le llquide contenu dans le ttibe de reiiiplis«- 
sage ^ raonter dans le tube de mesure, 

• un troislesie detecteur de position de 
m^nisque (^3) , agence sur le tube de i&esure .au*dess6us du tron-- 
9on calibre (3a), 

15 . un quatrl^e detecteur de position d 

ja^nisque (R^), agencS sur le tube de nesure au-dessus du de- 
tecteur Biq>erieur (R^), 

• et un ens^nble de commande elec'trlque, 
agence pour recevolr les slgnaux dellvres par les detecteurs d 

20 position de menlsque et adapte pour delivrer des slgnaux de 
commande vers les organes d 'obturation en vue d' assurer le 
deroulement des phases successives sulvahtes : phase de rem^- 
plissage de llquide k etudier, phase de mesure, phase de rin-; 
gage et phase de s6chage» 

25 Comme on le comprendra mieux plus loin, 

le rheometre conforme & 1' Invention est apte a assurer -auto- 
matlquement pour chaque cycle de mesure, le deroiaement de 
phases successlves depuis le remplissage du llgulde & etudier 
jusqu'& la remise en ^tat de I'apparell prSt pour 1' execution 

30 d'un nouyeau cycle et ce, sans intervention exterieiire et en 
garantissant la stdrilite du llquide a etudier qui n'est mis 
en contact' qu ' avec des'tiibes maintenus en etat de proprete * 
approprlee. 

L 'ensemble de commande cllectrlque du 
35 rheometr est en particull r prevu pour conditlonner le de- 
roul m nt d s phases pr 'cltees par 1 'accompllssem nt des se- 
quehces successlves sulvantes : sequence d' admission dii llqui- 
d a etudier dans le tube d r mplissage, s'qu nc d'ascension 
d ce liquid dans 1 tube de mesiur , s 'quence. de mesure avec 
40 ^coulement par gravite du llquide dans le trongon" calibre. 
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sequence de sort:le do liquideu h etudler avec rein jecl^on 
eventuelle de celul*ci dans le circuit dont il provient, se- 
quence d* admission du liquide de rin^age, sequence d* ascension 
5 de ce liquide, sequence de sortie et d > evacuation de ce liqui- 
de, enfin sequence de sechage par passage d.'un gaz ^liminant 
les traces de liquide. La sterili^tion a un'degre dependant 
de l' application eisdsagee peut assurSe par le liquide 

de ring age et/ou par le gas de s^cfaage* 

10 Selon un node de realisation pr6f&r4 

pernettant d' assurer le deroulement de ces sequences avec des 
moyens simples et peu onereux, 1* ensemble de commande dlectriqu 
comprend une sexie de bascules electroniques CM^^ ^ ^g' plac^es 
en serie les ux>es derri^e les autres et agencies pour recevoir 

25 les signaux de detection provenant des detecteurs de positxon 
de menisque, lesdites bascules etant reliees aux or^anes 'd*6b-^ 
turation et aux moy^ni^ de mesure du temps en vue de d6livrer 
des signaux de commande aptes a engendrer par des basculem nts 
successifs la succession des phases precitees. ' 

20 aiileurs, le tube de mesure peut Stre 

un tube de type Ubbelohde comportant les bull>es habituels dont 
est muni ce type der tube« . 

' lie plus, les organes d'obtiuration peuveht 
etre constitu^s par tou^t organs approprie & conooande electri— 

25 que (organe commande directement ou indirectement par vin si- 
gnal electrique, ce signal de commande pouvant Sventnellem nt 
actionner 1* organe par l^entremise de moyens de nature non 
electrique) ; de preference, ces organe s sbnt constitu^s* d'^lec- 
trovannes et/ou d*organes de clanpage coBunand^S' par electro— 

30 aimant et associes a des conduits souples* 

II est h nbter que,, dans la description 
generale du rheometn donnee plus haiit, 1^ ofganes d^obturation 
sont evoqueS independamment ; il est^ bien. entendu que cette 
description s'^tend a des organ s grpupes a deux ou plusieurs, 

35 dotamment electro*vannes ci deux voles u & plusieurs voi s). 
On peut n partlculier groiiper deux & deux les organes qui 
. possed nt des etats complementair s au cours des sequences 
(ouvert ou f rm^), en prevoyant des valines a deux voies pour 
chaque groupe de deux organ s» 

40 En outre, les detecteurs de position d 

menisque peuvent chacun etre constitues, de fa^on connue en soi. 
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par un ensemble emettexir/r^cepteur photpelectrique, c %^163 
en regard sur le tube de laesure* 

T>BM une version plus ^labor^ du rhdo- 
5 mfetre conforme a 1 'invention, plusieurs tubes de mesur peuv b 
etre prevus de diametre croissant ; ces tubes associte en pi- 
ralleles a un tube ge remplissage unique et equip^s d'une 
^lectrovanne a plusieurs voies pennettront de realiser d 6 cy- 
cles successifs avec des debits ^fferents dans les di£f brents 
10 tubes. 

Ces debits differents. inposent ainsi des 
valeurs differentes des contraintes tangentielles s'exer^ant 
sur le liquide et perinettent une generalisation de 1 'etud 
rh€ologique a tous les liquides. Si la viscosity dans chaqu 

15 tube est identique^ on est en presence d»un. liquide newtonien ; 
dans le cas contraire, 1 "evolution de la viscosity r6v&le un 
fluide non newtonien que l»on peut alors modeliser sans diffi- 
cultfi ; un microprocesseur peut Stre prevu pour tradnir le 
comportement de tels liquides* 

2^ invention ayant et6 exposee dans sa 

forme generale, d»autres caracteristiques, buts et avantag s - 
de celle-cl se degageront de la description qui suit n regard 
des dessins annexes, lesquels en presentent, ^ titre d' xempl 
non liinitatif, un mode de realisation ; sur ces dessins qui 

25 font partie int^grante de la description z 

- la figure 1 est une vue schema tique 
en perspective, montr ant exterieurement un rhepmetre conforme 
a 1 •invention, 

Aen coMpe axial 

/d^obturatico / " figure 2 est line vue de detail/ d*un 

-30 organe/dudit rheometre, 

- la figure 3 est un schema syxabolique, 
illustrant le principe dudit rheometre, 

- la figure 4 est una vue synoptique de 
I'ensei^le electronique dont est ^quipe le rheometre, 

35 - la figure 5 est un tableau illustrant 

un cycle de fonctionnero nt du rheometre, 

- les figures 6a, 6b et 6c sont des vues 
schematiques montrant 1 s niveaux de liquide au cours des 

s "quences de renplissag t de mesitre. 

Le rheometre represente a titre d'exera- 
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pie, en perspi^ctive h la figure l et en schema de principe & 
la figure B^conprend un bSti 1 adapts pour supporter les di- 
vers organes de celui-cl ; sur ce bSti est fix* un support 2 
8*etendant vertlcalenent et portant un tube d'Ubbelohde d 
type connu en sol, 

Ce tube d*abbel6bde coiaprend un tube d 
mesure 3 possSdant un tron^on caplllalre calibre 3a et .un tu- 
be de remplissage 4 reli* a la base du tube de mesure 3* Po 
f aeon connue en 5^oi, le ttibe de mesure con^rend trois bulbes^ 
31>» 3c, 3d, s^echelonnant sur sa. hauteur (deux situ^s de part 
et d« autre du trongpn calibre 3a et !• autre situe au-dessus), 
cependant que le tube* de remplissage est muni d*im bulbe 4a 
servan-t de capacite. 

■I^ tube dVUbbelohde est solidarise 
au support 2 qui porte des reservations approprl^es, par un 
couvercle de fermeture 15 (qui est amorce a la figure 1). Ce 
couvercle s'emboite sur le support et bloque le tube; 11 
comprend une ^V^^^^^ 15a permettant d'apercevoir le tube 
de mesure au moxns/oe son trongon calibre 3a, ensemble est 
de preference thermos tate. 

I»e tube de remplissage 4 est relld a sa 
partie supdrieure a trois conduits : un conduit d* admission 
du llqulde & etudler 5, 

• . , ™ conduit d»arrlv6e du llqul- 

de de rlngage 6 et un conduit de press ion 7 relle a une pompe 
* a air comprim* 8 qui es^ logee dans le- bStl 1. - 

/et le ^ ite xiSj^^ reliant: 
le tube de mesure soxrt br ancles deux conduits de sortie : 
un conduit de reinjection du liquide a etudier 9 et un conduit 
d'evacuatlcta du llqulde de rin^age 10. 

Par -allleurs , au niveau de son bulbe 3b, 
le tube de mesure 3 comporte une derivation 11 de mise a vine 
pression-de reference ; en l'e;cemple, cette d&rlvati n s^ouvre 
a l^alr libra et la pression de referenc est constituee par - 
la pression atmosph^iqu • 

En partie haute, ledit tube de mesure 3 
St- en outr reli' a deux conduits : un conduit 12 de mise a 
la pr ssion de r 'f er nee f pression atmospher ique ) et uii con- 
duit de pression 13 relie a une pompe a air comprimd 14 logde 
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dans le bStl 1 ; cette pompe 14 possede de pr^f ^enco una puJj 
sance sup^leure & la pbmpe B. Bleu entendu, elles pourraient 
le cas Sch^an^ 6l:re commuMs* 
5 • Chacun des conduits ou d&rlvation cl-d s- 

sns ddcrits 5, 6, 7, 9, 10, 11, 12, 13 est eqiiip6 d'un organ 
d'oiituration & commande electrique qui permet de le feraer 
^tanch&Dent ou de l^uvrir* 

Deux types d*organes sent avantag us • 
10 »ent prSvus, solt des organes du type 6lectrovanne qui sent 
loges dans le bftti, soit des organes de clampage dont un mode 
de realisation sera d^crit plus loin,. 

Les ^lectrovannes sont prevus sur les 
conduits 7, 11, 12 et 13 qui sont traverses par des gaz <de 
15 I'air) de fa9on a gar ant ir pour ce type de fluide une ^tan- 
cheXte parfaite. . 

En I'exemple, le conduit 7 est mmi 
d'une electrovanne a simple voie C qui est nonaalenent femi'e 
en position de repos ; elle s*ouvre lorsgu'elle re9olt un 
20 signal de comnande electrique* I»a pompe 8 e&t comnand'e en 
synchronisme en vue d'etre raise en marche lorsque cette 
Electrovanne s'ouvre et d'etre arr^tee lorsgu^ celle*ci se 
feme. 

Xa derivation 11 est munie d*uiie ^^c- 
25 trovanne & simple voie D qui est norraalement ouverte- 

Les conduits 12 et 13 sont en l*exemple 
equipes d'une electrovanne & deiix voies (Gj^» qui leur 

est commune ; dans un ietat (Gj^), elle ouvre le conduit 12 t 
ferme le conduit 13 et dans I'Etat compldmeAtaire (G2)/elle. 
30 realise les ouverture et fermeture contr aires. Bien entendu, 
cette Electrovanne & deux voies pourrait Stre remplac4e par 
deux Electrovannes simple voie. pompe 14 est commandEe en 
synchronisme avec cette electrovanne (Gj^, Gg) en vue d'etre 
mise en marche lorsque celle-ci est ouverte vers le conduit 
J5 13 (Etat G^) et arr^t' dans le cas contraire <etat 62)- 

1. s conduits 5, 6, 9 t 10 qui sont par- 
courus par des liquides sont equip 's d 'organ s de clampag 
resp ctiveroent A, B, E, F qui realisent la f riaetur en pin- 
gant une partie soupl de ces conduits, Ces organes sont fixes 
n position appar nte sur un fac du bStl 1 et pr^s nt nt l»a 
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vantage d'^vi-ter toxite contasiinatlon du liqulde pulsque celni^ 
ci ne vient en. con'tact avec aucun element externe t de plus, 
apres une .s&rie de nesxire, en partlculier dans le d o lnai n e tte- 
5 dlcal, il est facile, de retlrer les parties souples des con- 
duits en vue de les changer par des parties st^ilis^es* * 

La figure 2 pr^sente en coupe axiale un mod 
de realisation d*un org'ane de clanpage^ qui en l^exeaple a 
trouve en position norsalement ferme (position de repos en 
10 1' absence de signal da coiunande). 

Cet organe comprend un corps 16 dans lequel est 
loge un ^lectrpaiinant dent on apergoit en 17a la l>obine et en 
17b le noyau f err oraagnetique* A I'avant du noyau 17b « est dispo- 
se un pointeau d*ecras^iient 18 qui ecrase le conduit soupl tra— 

IS versant un passage apprdpri^ 16a du corps* One vis 19 fonaant 
contre— appiii pemet de r^gler les dimensions de passage* A 
1* autre extremite du corps 16 » ime Vis 20 sert de butee r^lable 
& un ressort 21 qui sollicite le noyau 17b vers la position 
d'ecrasement* Au repos, lorsque I'electroaiBiant n*est pas exci-^ 

20 t£» le noyau 17b Scrase, par l^entremise -du pointeau 18^ le 
conduit (sbus Inaction du ressort 21) et I'obture ; lorsque 
1 *electroaimant est excite le noyau recule et^le pincement sur 
le condui-b est supprime* 11 es-t & noter que le noyau 17b est 
equips d'un teton de manoeuvre, notamment une vis (non visible), 

25 saillant par une bbutonniere du corps en yue de permettre de 
manoeuvrer manuellement le noyau pour degager le passage 16a 
(introduction d*un* conduit ou manoeuvre manuelle dans le sens d 
1 »ouverture) . 

Par ailleurs, le rhe<»ii&tre confbrme & l'inven«> 

30 tion comprend quatre deteeteurs de position de menisque R^, K2 - 
et R^, constitues cl^acun d'un emetteur photoelectrique pla* 
c4 centre le tube de mes^ure et par vxi recepteur place en r • 
gard en position diametr element oppos^ sur ie tube ijui eyidem- 
ment est reeG.is^ en verre transparent)* 

35 I»es deteeteurs R:^ ^2 ^^^^ destines a la 

mesure du temps d'ecoulement dans le trongon calibr^* lis 
• sont situes respectiveroent au*dessus- et au-de'ssous du bulbe 3c ; 
lorsque le menisque passe devant le recepteur R^, ce dernier; 
g^nere un^ signal de debut de comptage du temps . t lofsqu*il 

40 passe d vant le recepteur R2»- ^ dernier genere un signal de 
fin d comptage. I*a cjuantit' de liqiiide, qui s*est ecoulee entr 
c s instants dans 1 tron^on calibre 3a est tou^ours la m*me, 
quelle soit la mesur (egal a la capacite du bulbe 3c t 
d s portions de tube s * 't ndant au-dessus et au*dessous d 

45 Celui-ci juscju^aux r *c pt urs et R-)» 



2510257 



9 



A, V ,^ ^ a^tecteur R3 est dispose au-dess us 

d.ad»lBslon de liq„iae lorsque le niveau de celul-ci pa^i^ 
5 dans le tube de nesure ^ 1^ ^ , parvien 

ae aesure 3 (et done ^galeaent dans le tube d 
re»plissage 4) i la hauteur de ce detecteur R3. 

du K„i>^ ^ . ^ detecteur R est dispose a»-d ssus 

du bulbe supdrleur 3d et sert i arrSter la sequence d'ascen- 
slon du liquide dans le tube de »esure 3. : 
^° ^ • ^ rh^omitre est conpi^tS p4r d s bov n; 

.lectronlques 22 log.s dans le b^ti 1 et par der«o,e„s7a^ 
fichage 23 qui sont vlsibles sur la face ayant dudlt bfttl. 

Ces moyens ^lectrpnlqiies 22 sont agencij 

15 R Ii™ ^'^^"^ ^'^^ » ^1' «2'T- 

15 co»prennent des »oyens de ^sure du te»ps el un^en- 

s«nble de co«»ande ^lectrique des organes. d-obturatlon -A B 

C. j>, E, F, 62 (et des po»pes 8 et 14 associ^es) • Us ' 

sont dot^s d.organes de co»n.ande «anuelle qui seront '^vogues 

plus loin et qui sont regroupes sur un tableau 24. 

^ , "° ^« realisation de ces noyens 

^lectroniques, particuli^eient avantageux par sa si»plici- 
t6. est repr^sent^ ^ la figure 4 oii on retrouve sy»bolises 
les organes d'obturation ci-dessus ^voqu^s. 

^ ^» signaux issus des detecteurs R r^ 

25 R3. R^ sont delivres vers des comparateurp 25, 2& 27 et 28 
qui les co»parent a une rif&rence pour g^nerer un signal i 
deux^tats, representatifs de la presence ou de Labsenc 
de laquide dans le tube, le change»ent d'etat de ce signal ' 
correspondant a« passage du m^nisque devant le detecteur 
30 concern^. • 

I^s Boyens ^lectronlques qui condition- 
nent le derouleipent des sequences sont constitu^s par un 
serie de bascules ^lectroniques 4 M3. en l-exen^le 

2 »onostables temporisies du type univibrateur 

35 monostable. 

I-a bascule possed une ntr' de de- 
clenchement e^ qui assure la mise en r ute du cycle. C tte 

ntre est rellee-a des »oyens de mise en route, comprenant 
un coB^utat ur „anuel . trois positions 29, agence pour r - 
40 11 r cette entree : *^ ^ . 
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• soit aur im contacrteur manual de de* 
clencheraen-b 30 en vue d*ime conmande nanuelle des cycles au 
cotip-pac«^ovp , * . 

5 • soit svac un temporisateur 31, de duree 

de temporlsation tres superieure a la duree d'un cycle n vue 
d*xine comnande di££er£e des cycles, 

• soi't' sur la sortie (s^l de la demi^ - 
bascule M^.en yue d'une conmande autoiaa^que des cycles ima^- 

Xo dia-tement: les uns apr^s les autres* 

XI est done ainsi possible^ eii reglant * 
la position du . coimnutateur .29 de disposer .de mesures .de yis<» 
cosite isolees & la demande, ou. bien de disposer .-de. nesxir s - 
p&riodiques se reproduisant autonatiquement au 'tense de p^» 

25* riodes prea justees . ou encore de disposer de mestires tres rap* 
prochees, £oumies autpraatiquement au cours de cycles qui se 
succ&dent. 

I»a bascule possede en outre une entree 
d'arrSt e*^ agencee pour recevoir le- signal de detection n 

20 provenance du detecteur (apr&s oise en forme dans le com- 
parateur 27T.*I»a sortie s^-de cette bascule est reliee & 
I'organe d> obturation A ; cet organs nor m alement £erme est 
ouvert lorsque la bascule 'passe dans son -etat excite (ddclen- ^ 
chement par e^) . et se re£erme lorsque la bascule* revient au 

25 repos (arret par e'^^),. 

I»a deuxieme bascule M2 possede une entr 'e* 
. de declenchement ^2 connectee a la sortie s^ de M^, 

line entree a'arr§t agencee pour recevoir le signal de dSt ca- 
tion en provenance du quatrieme detecteur et une sortie 

3Q $2 relive aux organes d'obtiurationC (normalement feraO et D . 
(normal ement ouvert) qu'elle commando, ceux^i demeur ant dans 
des etat;3 complement aires* II est a xibter qu*une porta OO 32 
est . interposee de fa^on a permettre egal ement la commando de 
ces organes dans les m^'mes conditions par la bascul .H^* 

35 La troisiem bascule possede une 

entree de declenchement ^ connectee a . la sortie S2 

de nn entree d'arret agencee pour recevoir le signal 

d det ction en provenance du deuxieme det ct ur 1^2 
sortie Sj reliee aux moyens de mesure, en 1 • xemple a une , 

40 entree de validation d*une logique 34 associee a une horloge35. 
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La quatrieme bascule posahdB un » 
entree de dedenchemen^ comecteB k la Borti s^. 

de el: une sortie relive & I'organe d' obturation K da 
5 conduit de sortie 9* - ' . * 

. La cinquieae bascule M pdssfede une 
entree de d^lenchement e^ \ connect&e & ^ la sorti 
de M^, une entree d* arret e.*^ agencee.pour recevoir 1 si* 
gnal de detection en provenance du troisieme d^tecteur 
10 et une sortie s^ reliee I'organe d* obturation B. 

La sixi&iBe bascule poss^e un ntrSe 
de declenchement e^ connectee h. la sortie s^ de. Jl^, 

une entree d* arret e»g agenc^e pour recevoir Ae signal de* 
detection en provenance du guatri^e detecteur et une 
15 sortie s^ reliee par I'entxeaise de la porte 32 aux organes 
C et • » 

La septiesie bascule poss^e une 
entree de declenchenent e^ -connectSe / . *ii - la sortie s^ 
de et une sortie Sj reliee par I'entremise d*une porte 
20 Oa 33 a I'organe d* obturation T associS au conduit 10* 

Bnfin^ la huitieme bascule possede 
une entree de declenchenent eg connectee - «t : " la sortie 
s^ de et une sortie Sg reliee a I'organe' d*obturation 
(G^ G^) et, par a'entreniise de la porte 33, a I'organe P. 
25 De plus, comine d^ja indiqu^, cette sortie est rd>oucl6 sur 
le commutateur 2?» 

Les guatri^me, septi^me et b^^jj^^^ 
bascules M^, ^® leur £onction meme , ^ s/ 

monostables temporisees, regimes de fagon que .leurs. dur^es 

30 de temporisation soient adaptees pour perraettre I'acco^lis-* 
sement complet des sec[uences qu*elles commandent • La bascul 

qui comnande la sequence de r4injection du liquid ^ 6tix^ 
dier possede ainsi une dur^e de temporisation qui peut &tre 
de I'ordre de 15 s* pour pemettre tout le liquide d 8*e^ 

35 chapper par le conduit 9* 11 n est d neme pour la basciile 
My qui cOnuDande la sequ nee d'Qvacuation du liquid .de rin- • 
9age» La duree de temporisati n de la basc\il' >lg depend de 
1* application nvisagee et des exigences de propretd.. denan* 
dees : elle est gen^alem nt de I'ordre de 15 s* 

^0 Les premiere, d uxierae, troisieme, cin- 
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qnieme et sixiene bascules M^^, M^, M^,* M^, ifg soht ^alement. 
des bascules nonostabies traippris^es afin d'accroltre la 64- 
curite de fonctlonnement^ LemsdurecBde temper is atibn sent 
x&glem a des valeurs superieiares aux durees normales des se- 
quences qu^elles coaunandent, respectivement sequence d'^dnls- 
sion de llqoide a etaidler (duree noraale de I'ordre de 10 s. 
sequrace d» ascension dudit liquide (dur^ norraale de l^ordr 
de 10 s. . ), sequence de mesure (dur^e moyenne de I'ordre 
de 100 SV& 300 s. ), sequence d* admission du liquide. de rin- 
^age (duree normale de I'ordre de:.15 s.), s^ence d' ascension 
dudit liquide {duree normale de I'ordre de .20 s». )^ . 

Ces sequences sont nozoaalement interroa— - 
pues respectivemeni: par le detecteur R3, par le d&tecteur R^, 
par le d6l:ec1:eur R2 a nouveau, par le. detecteur R3 et par 

le detecteur R4. Dans le cas o^ ce^te interruption n^inter- 
viendrait pas dans une sequence, par exemple en raison d'une 
d6f alliance d'un d^tecteur, la temporisation de la bascule 
concernee assure cet arrSt evitant ainsi des debordenents , 
pendant les sequences d» admission et d» ascension* 

I*a succession des sequences et les co»- 
mandes correspondantes des organes d» obturation sont illus- 
trees par le tableau de la figure 5 (leS etats des organes . 
sont repr^sentes par O i ouvert ou F : ferme ; pour l»^lec- 
trovanne a 2 voies, symbolise I'ouverture vers le conduit 
^ X'air libre 12 et la .fermeture du conduit 13 et C2 I'^tat 
corapl&aentaire ) • 

Les sequences successives sont les- sui- 

vantes : " . 

* sequence d» admission de liquide h etu- 

dier r ouverture de I'organe A ; f ermeture de i^organe A par 

un signal de commande genere & partir du signal de detection 

delivr' par 1 troisieme detect ur de position .de menisqu 

. sequence d» ascension du liquide a etu- 
dier : fermeture d i''organe ouVerture . : d 1 • or- 
gan C relie- a la source d pressionB; f rmeture de cet 
organe C par un signal de commande genere a partir du signal 
de detection delivr' par 1 quatrifeme d^tecteur d position 
de menisque R^, 
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• sequence de aesure ; ouvextur d 
I'orcjane I> ; transnission ^ux jDoyens de neatire d»un signal 
de depart de coraptage et: d'un signal d'axxSt de comptag 

5 genecdes & partir des signaux de detection d^livr^s par lea 
deux premiers detecteurs de position de menisqne R^, R^'r 

. sequence de sortie dn liquide & ^tu-^ 
dier ; ouverture de I'organe d'pbtnration E associi ^.au . con 
duit de sortie ?, 

* B^ence d 'admission de liquide. de 
ringage : fermeture de I'organe B, ouverture de I'organe B • 
fermeture de I'organe B par un signal de commande g&idr^ k 
partir du signal de detection ddlivre par le troisifeme ddtec 
teur de position de m^nisque R3, . 

^5 . sequence d* ascension du liquide d 

ringage : fermeture de I'organe D, ; ouverture «*4ler organ C 
relid & la source de pression « - ; jTernetur 

de cet organe C par un signal de coinraande gSn^e & partix d^ 
signal de detection d^livr^ par le quatrieme d^tecteur de 
position de iaenisque R^, ' . * 

* sequence de sortie du liquide de rin-» 
gage : ouverture de I'organe d'ol>turation F associd au con- 
duit de sortie 10; ouverture de I'organe 

• sequence de sechage : ouverture d'un 
organe G2 reli6 a la source de pression 14 . ; fer- 
meture de cet organe en. fin de sequence. 

Dans la description ci*dessu8^ "on n'a 
6voque que les changenents d'etat des organes d' obturation^ 
les organes non actionn^s restant dans I'etat oil ils s troii. 
vaient a la. sequence pr^c^dente (avec reboudage du secbage 
sur 1' admission de liquide & Studier). 

Les figures 6a et 6b sont des sch&naa 
illustrant les sequences d • admission de liquide ^ etudier 
et d' ascension de ce liquide. 

^5 La figur 6c illustre la sequence de 

mesure. 

On con9 it I'int&rSt de 1 'invention qui 
permet des mesures automatiques sans intervention mahuelle 
avec affichage sur les moy ns 23 soit du t rops d'^coulenent 
10 dans le trongon calibr', soit directem nt de la viscosity du 



25 
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* liquide* Hotons que des boutpns de commande dlrecte 36.peti-» 
vent: Stire prevus sur le tableau de coinmande 24 pour pemettr 
d'actionner les organes d'obturation en cas de panne de l'au< 
tojaatisme. La duree d'un cycle est de l*ordre de 2 minut t 
deni a , eix minutes environ, ce qui autorise, en £onctionne 
nent automatigue, un suivi efficace de la viscosity d*un li.* 
qulde. • . - 

, ' Les applications du rhSoinetre conf orae 
a l*invention sbnt nonbreuses : applications m^dicales, en 
particulier dans' les systemes de cixculation extx'a^orpor 1- 
les, utilisation comne capteur d'asservisseiDent dans des 
processus biologiques (oenologie, secteur laitier) on indus- 
triels (industries du papier, secteur petrolier*.*). 

Bien entendu, 1 'invention n'est pas 
limitee aiix termes de la description mais -en comprend tou-^^ 
tes les variantes* Bn particiaier, les raoyens ^le*ctroniqu s 
de conunande decrits .constituent un mode de. realisation .pre* 
f eretitiel , roais peuveht etre de structure di££erente {micro- 
processeur • • » ) • 
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RBVENDICATIONS 
. ^ ' 1/ - Rb^om&tre pour la nestore des ca-. 

ract.eristiqpies de viscosity d'lin liquide, du type msprenant 
au sioins un premier tube, dit tube de raesure C3), con^ortant . 
un tron9on calibr^ d'^couleatent par gravity !3a), nn second 
tube, dit tube de remplissage (4), conmunlquant- avec le tu- 
be de nesure (3)» un prraier e^ jan deuxi&ae df$tecteur de po- 
sitions de nenisque (R^^, R^) agenc^s deux niveaux en re- 
gard du tube de nesure (3) et adapt^s pour £oumir des al- 
gnaux electriques aux passages du nenisque, et des aoyens de 
mesure du temps separant les signaux d^livr^s par les deiix 
detecteurs, ledit rheom^tre etant caract^ris^ en ce qi^'il 
comprend : 

» relie au tube de resiplissage (4), %m 
conduit (5) d' admission du liquide & etudier, associ^ & un 
organe d 'obturation a conimande electrique (A), 

• relie au tube de .remplissage' 04), un 
conduit (6) d*arrivee d'un liquide de rin^age, assod^ k un 
organe d'obttiration a commande electrique (B), 

- relie a la base des deux tubes- (3; 4)-, 
au moins un conduit (9, 10) de sortie de liquide assbci^ h un 
organe d* obturation ^ commando electrique (B, F), 

• reliee a la base du tube de mesure 13), 
une derivation 111) de mise a une pression de rSf&rence; as- 
sociee a un organe d 'obturation a commando Electrique (D)^ 

- reliE en par tie haute du tube' de mesu- 
re (3) un conduit (12) de mise a la pression de r&fer nee, 
associe a un organe d 'obturation electrique (fij^), 

• une source de pression ou depression 
(dr 14) relive au tube de mesure (3) et/ou tube de remplissa- 
ge (4) par I'entremise d'au moins un organe d' obturation 2k 
commando Electrique (Q G2>.de fa^on a permettre, d*une part, 
d' assurer un ecoulement' gazeux dans les tubes, d 'autre' part, 
d'amener par pression ou d'pr ssion 1 liquide contenu dans 

1 tube de remplissag <4) a monter dans le tube de mesur , 

. un troisi^m det ct ur de position de 
m'nisque (R3}, agence. sur le tube de mesure (3) au-dessbus 
du trpn^on calibre (3a), 

• un quatrieme det cteuf de position de 



• 2510257 

* 16- 

m^nlsque agenc^ stir le -tube de inesure ( 3 ) au^essus da 

detect eur sup&'leur- (R^)-^ 

• et un ensenible de conmande ^iecixl* 
que (22), agence potir recevoir les signaux dSllyr^s par 1 s 
detecteurs de position de menisque et: adap-te pour d£llvrer 
des signaux de comiaande vers les. organes d 'obturation en 
vue d* assurer le deroulesent dep phases, stecessives suivan* 
tes : phase de r^emplissage de liquide etudier,. phase de ae* 
sure, phase de rincage et phase de s^chage. 

2/ Rheom^tre selon la revendication 1, 
caracterise en ce que 1* ensemble de coiraande electrique (22) 
est adapte poiur conditionner Xe deroulement des phases pr^-*, 
citees par 1 * accoxnplissemen't: des sequences succes si ves sul-* 
vantes : - ' ' . 

« sequence d' admission de liquide a ^tu- 
dier : ouverture de l»organe. (A) ; £ermeture de. I'organe (A> ■ . 
par un signal de conunande genere a partir du signal de xl^tec- 
tion delivre par le troisiem'e detecteur de position de me- 
nisque (1^3), 

. seqpience d* ascension du liquide a ^tu* 
dier : ferroeture de l*organe *(D) , ouverture du ou*<i*uh des 
organes (C) relies a la source de pression ou depression ; 
fermeture de cet^ organe- (C) par un signal de comnande g6n£r6 
a partir du signal de . detection delivre par le quatrieme d6- , 
tecteur de position de menisque (K^)» 

. sequence de mesure : ouverture dQ 
I'organe (D). i transmission aux moyens de mesure d'un signal 
de depart de comptage et d'un signal d» arret de comptage 
g^nerees a partir des signaux de detection delivres par les 
deux premiers detectenrs de position de menisque (R^^, ^2^' 

» sequence de sortie du liquide h 6tu- 
dier r ouverture de Iforgane d» obturation (B) associe ^ un 
conduit de sortie* (9), 

. sequence d» admission* d liquide d riii 
^ageu V f ecm ture d6 T'organe (E), ouverture de ^.forg^e IB) ; 
fermeture de I'organe (B) par un signal de commande g'n^re 
a partir du signal de det ction delivre par 1 troisieme d 
tecteur de position d menisque (R^), 

sequence d 'ascension du liquid de 
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rln9age 5 fermetur e de 1 ' organe (D) ; ouvertUr^ d*un organe 
(C) rell^ a la source de presslon ou de depression ; farm • 
ture de cet organe (C) par un signal de ccxmmande g6n^r6 h 
5 partir du signal de detection d^livr^ par le quatri&n d6- 
tectevir de position de m^nisque (R^)^ 

. s&}uence de sortie dn liquide d rin- 
gaga : ouvertnre de 1 'organe d> obturation (F) associS an 
conduit de sortie (10), ouverture de 1 'organe (D), 
10 ' • sequence de" s^chage z ouvertur d'un 

organe (G2) reli^ h la source de press ion ou depression ; 
fermettire de cet organe en fin de s^qu^nce* 

3/ - Rheoinetre selon I'une des r ven-' 
dications 1 ou 2, caract&rise en ce que J. 'ensemble, de c<»i- 
15 inande electrique conprend une serie de bascules Electron!— 
ques {Hj^ ^ Mq) placees en serie les unes derri^e les autres 
et agencies pour recevoir les signaux de detection \pr6yenant 
des detecteurs de position de m^nisque, lesdites bascules 
etant reliees aux organes d'obturatipn et aux noyens de me- 
20 sure du temps en vue de delivrer des signaipc* de command 

aptes h engendrer par des basculements successifs la succes- 
sion des phases pr^citees* 

4/ - Rheom&tre selon les revendi Cations 
2 et 3 prises ensemble, caracteris^ en ce qu'il conprend : 
25 - . une premiere bascule (M^) ayant une 

entree de declenchement (e^^) reliee & des moyens de aise 
en route d'un cycle (29, 30, 31), une entree d'arrfit (e'^) 
agencee pour recevoir le signal de detection en .provenance 
du troisi^me dStecteur (R3) et une sortie (si) reliee.^ I'or- 
to giane d 'obturation (A) en vue de commander cet organe, ' 

• une deuxijbse bascule (M^) ayan^ une . 
entree de declenchement (e^) - c6nnect6e h la s rtie 

ia^} de la premiere bascule (M^), une entree d'arrSt ( 
agencee pour recevoir le signal d detection en provenance 
5 du quatriem det ct ur (R^) et une sortie (32) r 116 aux 
organes d 'obturation (C, D) en vu de commander c s organes, 
de fa^on qu ceux-ci conservent des etats complementaires , 

. une troisi&me bascul (M^), ayant une 
entree de d'cl nchement (e3) conn ctee . a la sortie 

0 (s^) d la deuxieme bascule (M^), une entree d' arret (e* ) 

3 . 
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agenc^e povir recevoir le signal de detection en provenance 
du deuxieme detecteur (R2) et lane sortie (s^) relive aux 
moyens de mesure en viae de valider ou d'inhiber lesdits 
noyens de mesure, 

. une quatrleine bascule (M^), 43a ^ype 
nonostable teinporisee, ayant une entree de declencbemen't 
(e^) ^ connectee 'a la sortie (s^) de la troisieme 

bascule (H^) et nne sortie (s^) reliee ^ I'organe d*obtura-* 
tion (K) associe au conduit de sortie <9),. en vue de conman- 
der cet organe, 

. une cinquieAe basciae (M^), ayant une 
entree de declenchenent (e^) connected a . la- sortie 

(s^) de la quatrieme baiscule (M^), ime entree d'arrfit (e*^) 
agencee pour recevoix le signal de detection en provenanc - 
du troisieme detecteur (R^) et une sortie (Sg) relive k l»or 
gane d 'obturation (B), en vue de .commander cet organe, 

. une sixieme bascule (H^), ayant une 
entree de declenchement (e^) connectee a^ la sorti 
(s^) de la cinquieme bascule (M^), une entree d*arrfit (e'-^) 
agencee , pour recevoir le signal de detection en provenance • 
du quatrieme detecteur (R^) et une sortie is^} relive aux 
organes d*obturation {C, D) en vue de commander ces organes, 
de fa^on que ceux-ci conservent des etats complementaires , 

• une septieme basciile (M^), dii typ • 
monos table temper isee',. .ayant une entree de declenchement 
(e^) connectee a . * la soartie fs^) de la sixi^e bas- 
cule (Mg) et une sortie . (s^X reliee a l.'organe d*obturation* 
(F) associe au conduit de sortie (10) , en vUe de commander 
cet organe, 

• une huitieme bascule (Mg)^ du type 
monos table temi>orisee, ayant une entree de declenchenent 
(e^) . connectee a la sortie (s^) de la septieme bas- 
cule M^} et une sortie (Sg) reliee a l"organe d» obturation 
(G2) t a I'organe d" obturation (F) en vu de commander =c s 
organes. 

5/ - Rheometre selon la revendication 
4, caracterise en ce que : 

. les quatrieme (M^), septieme (M^) t 
huitieme (Mg) bascules monostables sont reglees de f a^on* que 
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leurs dur^es de temporieatdon soient adapt^es pour pernettre 
I'accompllssement complet des sequencers qu'eiles command nt, 
respectiyement sortie du liquids ^tudler, sortie du liquid 
de rln^age et sechage, 

. les, premiere (M^), deuxltoe (M2), 
troisifeme (M3). cinquieme {M3) et sixleme (M^J bascules sont 
^galement des bascules du type Aonostable temporis^e, dont 
les dur^es de temporlsatlon sont rggl^s k des valeurs SY^>^ 
rieures aux dur^es nornales des s&iuences qu'eiles commandent 
respectlveroent admission de liquide a 6tudler, ascension dul 
dlt liquide, mesure, admission de liquide de ringage et as- 
cension dudit liquide » 

6/ - Rh^ometre selon 1 'une des revendl-^ 
cations 4 ou 5, caract^rise en ce que les moyens de alse en 
route d'un cycle, relics a 1 'entree de declenchemeiit (e^) de 
la premiere bascule (M^)., comprennent un comroutateur manuel ^ 
trois positions (20), agence pour reller cette entree d d^- 
clenchement (e^),soit sur un contacteur manuel de diclenche- 
ment (30) en vue d*une commande raanuelle des cycles au coup- 
paE^coup, soit Bur .un temporisateur (31), de durSe de temporl- 
sation tres supdrleure a la duree d»un cycle^ en vue d*une 
commande differ6e des cycles, soit sur la sortie (s^) de la 
huiti&me bascule (Mg) en vue d*une commande automatiqu des 
cycles immedlatement les uns apr^s les autres. 

7/ - BhSometre selon l*une des reven* 
di cations 3, 4, 5 ou 6. caract^rise eh ce qu»ll ccmiprend. deux 
conduits de sortie de liquide, I'un dlt cdnduit de r^ii^jec- 
tion (9), destine a etre branche sur des moyens de recupera- 
tion et equipe d»un organe d* obturation (B) command^ de fa- 
gon approprlee pour r^cupdrer le liquide a etudler au cours 
de la sequence de sortie dudit liquide, l*au1^e dit conduit 
d'^vacuation (10), destine h 6tre brancb€ sur des moyens 
d> evacuation et equipe d'un organe d "obturation (F) command^ ' 
de fa^on approprl ' pour allminer le liquide de rin^age au 
cours de la s^qu nee de sortie dudit liquide. 

8/ - Rheom'tre sel n i^une des rev ndi- 
cations 3, 4, 5, 6 ou 7, caracteris ' en ce que la source de 
presslon ou depression compr nd : 

. un premiere pompe a air comprime CSr), 
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reliee ail tribe de remplissage (4) .par I'^tremise d'un orga- 
ne d' obturation (C) et commande en synchronissie en vne d*fitr 
laxse en jaarche lorsque cet orgcuie est ouvert^et arrStSe Xors— 
gu'il est ferine^ au cours de^. sequences d* ascension du liquid-: 
de k etudier at d* ascension dn liquide de ringage, 

• une seconde pompe a air colkiprin^ 
relive en partie haute du tube de raesure (3) par I'entremise 
d'un orgahe d' obturation 1^2^ et conunandee en synchronisme 
en vue d'fitre mise en marche lorsque cet organe est ouvert,: 
et arretee lorsqu^il- est feme, au cours de la sequence d 
ringage. - ^ - • 

, 9/ - Rheomfetre selon 1 'une des revendi- 

cations precedentes, dans lequel le tube de mesure est un 
23 tube de typo Ubbelobde • ^ ; 

10/ - Rbeofflfetre selon I'unte des rev ndi* 
-cations precedentes, dans lequel la derivation (11) et 1 
conduit (12) de mise a la pression de reference sont ouverts 
^ I'air libre par I'entremise de leur organei d' obturation 

20 <I>^ . 

11/ - ithec»iietre selon I'uno des reven-- 

dications precedentes, dans lequel les ^organes d' obturation 

sont constitues par des electrovannes et/ou par des osrganes 

de clampage comnandes par electroaimant et associes h des 

25 conduits souplesv 

12/ - lOieometre selon la revendicatlon 
11^ caracterise en ce que les conduits traverses par' des 11- 
quides (5, 6/ 9, 10) sont associes 4 des organes de clampage 
(A, B, B, F), cependant que les conduits traverses par des 
30 gaz (7, 11, 12» 13) sont associes a des eleetrovannes (C, V, 

^1 ^2>- ^ / 

13/ - Rheometre selon 1 'une. des r even- 

dications preceddntes, dans lequel les detecteurs de posi- 
tion d laenisque {R^ a sont chacun constitues par un eh- 

35 sendble emett ur/rec pt ur photoelectriqu s, couples n r - 
-gard'sur le tube de mesure (3)» 

14/ - Rheometre selon I'uhe des reven- 
dications precedent s, caracterise en ce qu'il compr nd plur 
sieurs tubes de mesure de diaroetre croiss^t, associe n 

40 paralleles a un tube.de remplissage unique t> equipes d'une 
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^iectrovanne & plusieurs voies, agencee pour peraettre d 
reallBcr des cycles successifs avec des tiibes de.aesiir dif- 
ferents. 
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